Objective: Epidemiologic evidence concerning the role of dietary glycemic index (GI) and glycemic load (GL) in obesity during childhood and adolescence is limited, particularly in non-Western populations. We examined the association between dietary GI and GL as well as dietary fiber intake and overweight status in Japanese children and adolescents. Subjects: This Japanese cross-sectional study included 15 974 children (6-11 years; 7956 boys and 8018 girls) and 8202 adolescents (12-15 years; 3944 boys and 4258 girls). Methods: Dietary intake was assessed using a self-administered diet history questionnaire for children and adolescents. Body mass index (BMI) was calculated from self-reported body weight and height. Overweight was defined according to the International Obesity Task Force age-and sex-specific BMI cutoffs, which correspond to an adult BMI of X25 kg m -2 . Results: The overall prevalence of overweight was 13.2%. Mean (s.d.) dietary GI was 63.0 (3.1), mean dietary GL was 85.0 (12.4) per 4184 kJ (1000 kcal) and mean dietary fiber intake was 5.9 (1.2) g/4184 kJ. After adjustment for potential confounding factors, dietary GL was positively associated with the risk of overweight in male children, female children and male adolescents (P for trend o0.0001, o0.0001 and 0.006, respectively), but not in female adolescents. No such independent associations were observed for dietary GI or fiber intake. Conclusion: This large cross-sectional study in Japan suggests that higher dietary GL is associated with increasing risk of overweight in male and female children and male adolescents, but not female adolescents.
Introduction
Obesity in childhood and adolescence is a growing public health concern in many countries, including Japan. 1 This obesity is associated with several risk factors for later heart disease and other chronic diseases, including hyperlipidemia, hyperinsulinemia, hypertension and early atherosclerosis. 2, 3 Further, it may also adversely affect children and adolescents by reducing their health-related quality of life. 4, 5 Investigation of modifiable lifestyle factors that influence obesity in children and adolescents is therefore a high public health priority. In recent years, the role of glycemic index (GI) and glycemic load (GL) in promoting obesity has received increasing attention. GI is defined as the incremental area under the blood glucose response curve of available carbohydrate in a food expressed as a percentage of the response to available carbohydrate in a reference food (usually glucose, white bread or white rice), and thus represents the quality of carbohydrate. 6 GL is the product of the GI and the available carbohydrate content of the food, and thus represents both the quality and quantity of carbohydrate. 7 A low-GI or -GL diet is hypothesized to increase satiety and reduce voluntary food intake, whereas a high-GI or -GL diet is expected to increase hunger and voluntary food intake, and in turn increase the accumulation of body fat. 8, 9 However, epidemiologic evidence for the association between dietary GI and GL and measures of island chain located in the southernmost part of Japan, has a subtropical climate and population of almost 1 370 000. Naha City (population: 313 000), the largest city in Okinawa Prefecture, is located in the south of Okinawa Island while Nago City (population: 60 000) is located in the center, and together account for 2 of the 41 municipalities in the prefecture. All public elementary and junior high schools in Naha City (n ¼ 35 and 17, respectively) and Nago City (n ¼ 17 and 8, respectively) participated in RYUCHS, which was approved by the ethics committee of the Faculty of Medicine, Fukuoka University, Japan. A set of two self-administered questionnaires, a diet history questionnaire and a lifestyle questionnaire, were distributed by teachers to all elementary and junior high school students (n ¼ 38 212). Elementary school children were asked to have their parents answer the questionnaires with the active involvement of the children, while junior high school students were asked to answer the questionnaires themselves, in cooperation with their parents if necessary. Answered questionnaires were checked by research technicians, and if missing or illogical data were detected, the teachers returned the questionnaires to the students. Of the 38 212 eligible students, 28 885 (75.6% of the eligible sample) participated in the RYUCHS. Excluded from the present analysis were 3581 students with incomplete data on the variables under study and 1128 who reported extremely low or high energy intake (that is, o0.5 times the estimated energy requirement value for the lowest physical activity category or 41.5 times that for the highest physical activity category according to the Dietary Reference Intakes for Japanese; o2615-5125 or 410 355-19 456 kJ per day (o625-1225 or 42475-4650 kcal per day), depending on age and sex). 22 The final sample thus consisted of 24 176 students (63.3% of the eligible sample). For the present analysis they were grouped into four sub-populations, namely male children (boys aged 6-11 years; n ¼ 7956), female children (girls aged 6-11 years; n ¼ 8018), male adolescents (boys aged 12-15 years; n ¼ 3944) and female adolescents (girls aged 12-15 years; n ¼ 4258).
Measurements
Dietary habits during the preceding month were assessed using a brief self-administered diet history questionnaire for Japanese children and adolescents (BDHQCA). 23 The BDHQCA is a four-page structured questionnaire that inquires about the consumption frequency of selected foods commonly consumed in Japan, general dietary behavior and usual cooking methods. This questionnaire was developed based on comprehensive (16-page) 18, 24, 25 and brief (4-page) 23, 26 versions of a validated self-administered diet history questionnaire for Japanese adults. Estimates of daily intake for foods (80 items in total), energy and selected nutrients were calculated using an ad hoc computer algorithm for the BDHQCA, which was based on the Standard Tables of Food Composition in Japan. 27 In the BDHQCA, information on portion size was not collected; sex-specific fixed portion size was used during calculation for all subjects.
Values of nutrient intake were energy-adjusted using the density method (that is, percentage of energy for energyproviding nutrients and amount per 4184 kJ (1000 kcal) of energy for dietary fiber). Dietary GI was calculated by multiplying the contribution of each food to the daily intake of available carbohydrate (total carbohydrate minus dietary fiber) by the food's GI value and then summing the products, and dietary GL by multiplying the dietary GI by the total daily available carbohydrate intake (divided by 100), based on a total of 33 major carbohydrate-containing food items (that is, X3.5 g available carbohydrate per serving). Glucose was used as the reference (GI for glucose ¼ 100). The GI value of each food item was derived from an international The validity of the BDHQCA has been reported elsewhere in terms of selected fatty acids and carotenoids using biomarkers (erythrocyte fatty acids and serum carotenoids) as the gold standard. 23 However, validity has not been investigated in terms of other dietary variables, including dietary GI, GL and fiber. Body weight and height were self-reported as part of the BDHQCA. Body mass index (BMI) was calculated as body weight (kg) divided by the square of body height (m). Weight status was defined with the use of the International Obesity Task Force BMI cutoffs for children. 34 These age-and sexspecific cutoffs were derived from a large international sample that used regression techniques by passing a line through the health-related adult cutoffs at 18 years. Students with BMI values that corresponded to an adult BMI X25 kg m -2 were classified as overweight, and all others were considered of normal weight. The lifestyle questionnaire yielded information on paternal and maternal educational level, television or computer game use, and habitual exercise. Rate of eating was selfreported in the BDHQCA. Misreporting of dietary energy intake was defined as the ratio of reported total energy intake to estimated energy requirement. We calculated each subject's estimated energy requirement from body weight with the use of equations from the FAO/WHO/UNU Expert Consultation Report on Human Energy Requirements, which take account of sex, age and energy requirements for growth: 35 namely, estimated energy requirement (MJ day -1 ) ¼ 1.298 þ 0.265 Â body weight (kg)À0.0011 Â body weight (kg) Â body weight (kg) for boys; and estimated energy requirement (MJ day -1 ) ¼ 1.102 þ 0.273 Â body weight (kg)À0.0019 Â body weight (kg) Â body weight (kg) for girls.
Statistical analysis
All statistical analyses were performed for male children, female children, male adolescents and female adolescents separately using SAS statistical software (version 9.1, 2003, SAS Institute Inc., Cary, NC, USA). Dietary GI, GL (per 4184 kJ) and fiber intake (g/4184 kJ) were categorized at quintile points based on distribution. Using logistic regression analysis, crude and multivariate adjusted odds ratios and 95% confidence intervals for overweight for each quintile category of dietary variable were calculated, with the lowest quintile category used as reference category.
Multivariate adjusted odds ratios were calculated by adjusting for potential confounding factors, including age (years, continuous), paternal educational level (junior high school; high school; junior college or vocational technical school; or university), maternal educational level (junior high school; high school; junior college or vocational technical school; or university), municipality (Naha City or Nago City), television or computer game use (o2 h day -1 , 2-3 h day -1 , or 43 h day -1 ), habitual exercise (none, p2 times per week, 3-4 times per week, or X5 times per week), rate of eating (very fast, relatively fast, medium, relatively slow or very slow), ratio of total energy intake to estimated energy requirement (continuous) and fat intake (except for GL because of extremely high correlation (Pearson correlation (r): 4À0.93); % of energy, continuous). For GI and GL, further adjustment was conducted for dietary fiber (continuous); and for dietary fiber, further adjustment was conducted for GI (continuous). Trends of association were assessed by a logistic regression model, which assigned consecutive integers to the levels of the independent variable. All reported P-values are two-tailed, and P-values of o0.05 were considered statistically significant.
Results

Population characteristics
The prevalence of overweight was 15. 2% for male children (6-to 11-year-old boys), 12.8% for female children (6-to 11-year-old girls), 14.5% for male adolescents (12- Association between weight status and selected characteristics Characteristics of participants by weight status are shown in Table 1 . In all sub-populations, overweight subjects were more likely to have a long television or computer game use and to report eating quickly, and had a lower mean value of the ratio of energy intake to estimated energy requirement. Overweight subjects were older among male children, but younger among male adolescents. Overweight female children and female adolescents were more likely to have fathers with a low educational level, while overweight male children and female adolescents were more likely to have mothers Glycemic index, fiber and overweight in Japanese K Murakami et al Glycemic index, fiber and overweight in Japanese K Murakami et al with a low educational level. In both male and female adolescents, overweight subjects were less likely to have exercise habits. Dietary intake did not differ according to weight status, except for higher GI in overweight subjects of male and female children, lower fiber in overweight subjects of male children, higher protein in overweight subjects of male adolescents, higher white rice in overweight subjects of all sub-populations, lower bread in overweight subjects of all sub-populations, lower confectioneries and sugars in overweight subjects of male children and male and female adolescents, lower fruits in overweight subjects of male and female children and female adolescents, lower sugar-sweetened soft drinks in overweight subjects of male adolescents, and lower total energy and energy from foods in overweight subjects of male children.
Association between dietary GI and selected characteristics
Characteristics of participants according to quintile category of dietary GI are shown in Association between dietary fiber intake and selected characteristics Characteristics of participants according to quintile category of dietary fiber intake are shown in Table 3 . In all subpopulations, dietary fiber intake was negatively associated with age, except in female adolescents, television or computer game use and the ratio of total energy intake to estimated energy requirement; and positively with paternal and maternal educational level. In male and female children, dietary fiber intake was positively associated with exercise habits. In male adolescents only, dietary fiber intake was negatively associated with rate of eating. Dietary fiber intake was negatively associated with total dietary energy (r: À0.12 Glycemic index, fiber and overweight in Japanese K Murakami et al Association between dietary GI, GL and fiber intake and risk of overweight Table 4 shows odds ratios and 95% confidence intervals for overweight according to quintile category of dietary GI, GL and fiber intake. In male children, after adjustment for potential confounding factors, dietary GI and GL were positively associated with the risk of overweight, while dietary fiber intake was negatively associated (multivariate model 1). After further adjustment for dietary fiber, the association with GI disappeared, while that between GL and overweight was retained (multivariate model 2). The association for dietary fiber also disappeared after further adjustment for GI (multivariate model 3). In female children and male adolescents, only the positive association between GL and overweight was observed. In female adolescents, there was no association between any of the dietary variables examined and the risk of overweight.
Discussion
In this large cross-sectional study in Japan, we found that higher dietary GL was independently positively associated with increasing risk of overweight in male children, female children and male adolescents, but not in female adolescents. Conversely, no such independent associations were observed for dietary GI or fiber intake in any sub-population. To our knowledge, this is the first study to examine the relation of dietary GI, GL and fiber intake with weight status in Japanese children and adolescents. A limited number of observational studies has examined the association between dietary GI and GL and measures of obesity in children and adolescents. [10] [11] [12] [13] [14] [15] In a cross-sectional study of Hong Kong children, dietary GL was not independently associated with overweight, but intake from snacking was not considered in the calculation of dietary GL. 10 No cross-sectional 11,12 or prospective 13,14 studies in Western countries found any independent association between dietary GI or GL and measures of obesity, with one exception. 15 Nielsen et al. 15 found that higher dietary GI and GL were cross-sectionally related to a higher sum of skinfold thicknesses. However, this association was seen in 16-year-old Danish boys only, and not in 10-year-old boys or 10-or 16-year-old girls, which is somewhat consistent with the present Glycemic index, fiber and overweight in Japanese K Murakami et al Protein intake (% of energy) Glycemic index, fiber and overweight in Japanese K Murakami et al findings. These inconsistent findings may be at least partly explained by differences in the characteristics, dietary habits and lifestyles of the populations examined; dietary assessment methods used; measures of obesity applied; and potential confounding factors considered. Nonetheless, given that median values of dietary GI and GL appear to be among the highest in the Danish (range of median: 58.8-60.2 and 154-217, respectively) 15 and the present Japanese (range of median: 62.6-63.8 and 135.4-169.0, respectively) studies, where the expected association was in fact observed, dietary GI and GL may have been too low or distributed too narrowly in other studies in which the association was not observed (range of median: 51.7-59.8 and 62.8-145.0, respectively). [10] [11] [12] [13] [14] We do not know why we found the expected association for dietary GL only and not GI; however, both the quality and quantity of dietary carbohydrate rather than quality alone may be important for the development of overweight. The limited number of observational studies in Western countries do not generally support the favorable effect of dietary fiber in measures of obesity, [12] [13] [14] [36] [37] [38] with several exceptions. 39 This is consistent with the null findings in the present Japanese study. It could be argued that the beneficial health effects of dietary fiber on body composition may require relatively high intake levels, 14 which could not be expected in the present population with relatively low intake levels (mean: p6.0 g/4184 kJ). Several limitations of this study warrant mention. First, the cross-sectional nature of the study does not permit the assessment of causality owing to the uncertain temporality of the association. We cannot rule out the possibility that the association between dietary variables and overweight observed here was the result of post hoc changes in dietary behavior (in a healthier direction) as a consequence of overweight. This may be particularly relevant in female populations, given the excessive weight concerns observed in young Japanese women. 40, 41 These concerns might at least partly explain why the expected association between dietary GL and overweight was observed in male but not female adolescents. A prospective study or trial should be undertaken to better understand the relation between dietary GI, GL and fiber intake and weight status in Japanese populations. Second, only 63.3% of the eligible sample was included in the present analysis, suggesting that selection bias might have been inevitable. Additionally, the distribution of various lifestyle and environmental factors in Okinawa, where this study was conducted, may differ from those elsewhere in Japan as well as in other parts of the world, and the results may accordingly not apply to other populations.
Third, dietary data were obtained from a self-administered dietary assessment questionnaire (that is, BDHQCA). Actual dietary habits were not observed in addition to no information on portion size collected (mainly because of difficulty in portion size estimation in many children and adolescents), 42 and the validity of BDHQCA regarding selected fatty acids and carotenoids appears somewhat insufficient, more so in children Glycemic index, fiber and overweight in Japanese K Murakami et al ), habitual exercise (none, p2 times per week, 3-4 times per week, or X5 times per week), rate of eating (very fast, relatively fast, medium, relatively slow or very slow), and ratio of total energy intake to estimated energy requirement (continuous). For dietary glycemic index and fiber intake, further adjusted for fat intake (% of energy, continuous). The number of subjects in the first to the fifth quintiles is 849, 851, 857, 847 and 854, respectively.
Glycemic index, fiber and overweight in Japanese K Murakami et al (9-10 years) than adolescents (13-14 years). 23 Additionally, the validity of the DHQCA regarding dietary GI, GL and fiber is unknown, notwithstanding that the comprehensive version of the diet history questionnaire for adults, from which the BDHQCA was developed, has been well validated not only for these 18 but also for commonly studied nutritional variables. 24, 25 Moreover, misreporting of dietary intake, particularly by overweight subjects, is a serious problem associated with self-report dietary assessment methods. 42 In this study, underreporting of energy intake, assessed by the ratio of total energy intake to estimated energy requirement, was prevalent, particularly in adolescent populations. Further, misreporting of energy intake was greater in overweight than normal weight subjects across all sub-populations. Although consistent misreporting across all types of foods would likely have little influence on dietary GI and energy-adjusted GL and fiber values, studies have indicated that overweight persons may selectively underreport their intake of fatty or sugary foods. 43, 44 We cannot predict whether possible selective misreporting of dietary intake would systematically deflate or inflate the estimates of these dietary variables. In any case, random misclassification in our study was likely, and likely influenced the results by attenuating the association with overweight. To minimize the possible influence of dietary misreporting, we included the ratio of total energy intake to estimated energy requirement as a confounding variable in the model. Fourth, we used BMI as a proxy measure for body fatness, but this can be misleading at the individual level; 45 a more valid measure of body fat mass (for example, dual-energy X-ray absorptiometry) may be needed for further investigation. More importantly, BMI was calculated from self-reported body weight and height, which might also be biased. Previous studies have consistently shown that, on average, weights are underestimated, heights are overestimated and the resultant BMIs are underestimated, although the correlations between self-reported and measured values are strongly high. [46] [47] [48] Thus, it is likely that the prevalence of overweight based on self-reported data in this study is underestimated, which might have diluted the present findings. Fifth, although we adjusted for a variety of potential confounding variables, residual confounding could not be ruled out. In particular, we could not control for puberty status or parental weight status because of a lack of information.
Finally, although we found the expected association between dietary GL and overweight in three of the four sub-populations examined, dietary GL was strongly correlated with dietary fat and hence carbohydrate (r: 40.95), which was also observed in several Western studies. 49, 50 Additionally, low dietary GL, as well as low dietary GI and high dietary fiber intake, was associated with somewhat favorable dietary intake patterns, such as low intake of white rice (highly refined grain) and high intake of fruits and vegetables. Thus, as any effects of dietary GL cannot be separated from those of macronutrient composition and overall diet quality in this observational study, the results should be interpreted cautiously.
In conclusion, this large cross-sectional study in Japan showed that higher dietary GL was independently positively associated with increasing risk of overweight in male children, female children and male adolescents, but not in female adolescents. In contrast, no such independent associations were observed for dietary GI or fiber intake in any sub-population. Consuming a low GL diet might be an effective strategy for preventing overweight in Japanese children and male adolescents. We acknowledge that our findings must be confirmed by additional prospective studies and also intervention trials with a more rigorous assessment of dietary intake and body fatness.
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